Purpose: Physical activity (PA) and sedentary behavior (SB) are increasingly considered independent health behaviors. Additionally, current research suggests that both controlled and automatic determinants account for their adoption. The purpose of this article was to identify intentionÀautomaticity profiles toward PA and screen-based SB and to examine how those profiles are associated with different behavioral patterns. Method: Two cross-sectional studies based on self-report questionnaires were conducted with French high school students (Study 1: n = 198; Study 2: n = 185). Results: In all, 4 distinct motivational profiles appeared. The first 3 clusters emerged in both studies: "PA" (high levels of automaticity and intention for PA, low levels of automaticity and intention for screen-based SB); "screen" (high levels of automaticity and intention for screen-based SB, low levels of automaticity and intention for PA), and "mixed" (high levels of all variables), whereas the fourth cluster was observed only in Study 2: "high control" (below-mean levels of automaticity, high levels of intention toward both PA and screen-based SB). Adolescents with a screen profile displayed the least healthy behavioral pattern, whereas those in the PA profile demonstrated the most favorable behaviors. Conclusion: Future research is needed to extend these results to other populations using complementary assessment methods of automatic psychological processes and PA and SB behaviors.
Introduction
Increasing evidence indicates that physical activity (PA) levels in youth have declined during the past decades, with currently 4 of 5 adolescents not reaching the levels recommended in public health guidelines. 1 Meanwhile, past research also indicates that the time devoted to sedentary behavior (SB) has gradually increased over time, particularly in children and adolescents. 2 Whereas for a long time PA and SB have been regarded as functional opposites-for example, through the perspective of the "displacement hypothesis" 3 -they tend more and more to be conceived as 2 distinct categories of behaviors, which are likely to have independent effects on health. 4 In this vein, the mean durations devoted to those behaviors were previously found to be mainly independent and only marginally negatively related, 5 in particular in the case of screen-based SB and leisure-time PA. This suggests that various patterns of behaviors could exist in the population. In particular, young people could combine high levels of both PA and SB. In this regard, several authors suggest that those behaviors present at least partly distinct psychological determinants. 6 psychological processes can be considered to lie on a continuum. More particularly, each process can be deemed to occur with more or less awareness on the part of the individual, to be more or less easy to control, to be more or less efficient, and to be (un)intentional, to some degree. 8 In previous research conducted on habits, it was advanced that individuals are unlikely to be aware of some of the processes of engaging in a health-related behavior, 9 even when the behavior is characterized as being fully conscious. 10 However, meta-cognitive instruments can be used based on the assumption that people are able to reflect the other features of automaticity-that is, lack of intention, control, and attention, particularly for exercise. 11 Among controlled processes, intentions have been established as the strongest construct associated with PA in adolescents. 12 In the past decades, several studies investigated this relationship, in particular based on the theory of planned behavior. 13 In 2002, the results of 72 studies were pooled in a meta-analysis, which supported the tenets of the theory of planned behavior in the case of PA (i.e., intentions mediate the relationships between attitudes, social norms, perceived behavioral control, and behavior adoption; perceived behavioral control also has a direct relationship with behavior).
14 A more recent meta-analysis confirms that intentions are significantly associated with PA behavior, controlling for perceived behavioral control and past PA behavior. 15 Even if SB were less studied, a handful of studies also indicated that intentions to adopt various SBs, including TV watching, are significantly associated with the time spent doing them. 16 Recently, health psychologists were compelled to simultaneously consider controlled and automatic processes. 17 Indeed, behaviors need to be repeated to have significant effects on health, which is particularly relevant in the case of PA. In other words, healthrelated behaviors are deemed more beneficial when they become habits. Whereas assessing the frequency of behavior was long considered the best strategy to capture habits, a more contemporary view proposes to consider this construct as a repeated behavior that has gained a degree of automaticity and is executed in stable contexts.
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Numerous investigations of the role played by the automatic properties involved in habitual behavior were conducted in the past decade, thanks to the development of self-report scales to capture automatic processes, in particular the Self-Report Habit Index (SRHI). 18 A recent meta-analysis examined the links between habit strength and health behavior adoption, including PA and SB. 19 It revealed the existence of medium to strong correlations between habit strength and behavior adoption. It also supported the theory that the contribution of intentions and automaticity levels in the explanation of PA and SB operated in interaction. More precisely, intentions tend to show lower associations with behavior when habit levels are high, and vice versa. Furthermore, past research suggested that automaticity toward one behavior may affect not only the frequency of its adoption but also individuals' engagement in other behaviors. 20 More precisely, it was observed that a strong habit toward television viewing was positively associated with soft drink consumption. Automatic processes could thus be seen as potential predictors of a pattern of interconnected behaviors rather than the determinants of a single, separated action.
In summary, it seems that both intentional and automatic psychological processes are worthy of consideration when trying to understand the adoption of health-related behaviors such as PA and SB. Additionally, there is increasing evidence that those categories of behavior are partly independent, but it was also advanced that they could share common determinants. In particular, it is possible that the psychological dispositions toward one kind of behavior could affect a different category of behavior. In other words, cross-context correlations should be expected (i.e., between motivational determinants of PA with SB, and vice versa). Considering those complex assumptions, the current research adopted a person-centered approach. More specifically, the purposes of the present study were (1) to identify intentionÀautomaticity profiles toward PA and screenbased SB in adolescents and (2) to examine how those profiles were associated with the adoption of significantly different behavioral patterns in terms of PA and screen-based SB. 21 The participants were asked to indicate (1) how many days they engaged in at least 10 min of vigorous PA, moderate PA, and walking during the previous week, and (2) the average duration of those sessions. The IPAQ has acceptable measurement properties for monitoring levels of habitual PA in male and female adolescents older than 14 years. 22 2.1.2.2. Screen-based SB. The time spent by participants watching TV or using a computer was assessed by means of the corresponding 2 items of the Sedentary Behavior Questionnaire, 23 distinct questions having been formulated regarding weekdays and weekends. The total amount of time per week was computed by multiplying the number of days in which they adopted such behaviors by the average duration of those sessions. The 2-week reliability and validity of those items was demonstrated in adults, 23 and they were successfully used in previous research among high school students. 24 2.1.2.3. Automaticity. Automaticity toward PA and SB was measured with the Self-Report Behavioral Automaticity Index (SRBAI). 25 Following the stem "Behavior X is something. . .", this 4-item scale ("that I do without thinking"; "that I do automatically"; "that I do without having to consciously remember"; "that I start doing before realizing I am doing it") includes a Likert scale ranging from 1 (do not agree at all) to 5 (totally agree). Internal consistency was high for both PA (a = 0.80) and screen-based SB (a = 0.80).
2.1.2.4.
Intentions. Intentions were measured with 2 items ("Do you have the intention to practice regular physical activity, watch TV, or use a computer regularly during the upcoming week?"; "Are you sure to practice regular physical activity, watch TV, or use a computer regularly during the upcoming week?"). Participants answered on a 5-point bipolar scale ranging from ¡2 (no, not at all) to +2 (yes, absolutely). Internal consistency was high for both behaviors (PA, a = 0.85; screen-based SB, a = 0.90).
Data analysis
Regarding items for which less than 5% of data were missing, a replacement by the mean score was applied (n = 45). 26 Complete data were available for 147 participants. To reach the study's first objective, a series of cluster analyses were conducted to create groups of participants according to their intention and automaticity profiles. To avoid distortion in the formation of clusters, particular attention should be paid to metrics, outliers, and multicollinearity. 27 After these prerequisites were verified, a hierarchical cluster analysis was performed to explore the number of clusters that naturally emerge, using Ward's method as algorithm and squared Euclidean distance as similarity measure. The obtained centroids' characteristics were then used in a confirmatory k-mean cluster analysis with a defined number of clusters. Next, Analysis of Variances (ANOVAs) were conducted to test the intercluster differences in terms of automaticity and intention. Last, a series of ANOVAs was performed to observe potential differences between clusters in terms of behavior adoption.
Results

Descriptive statistics
Correlations between the variables appear in Table 1 . A correlation for the data revealed that intentions and automaticity scores were significantly but not highly related (r = 0.56, r = 0.42 for PA and screen-based SB, respectively, p < 0.05). PA intentions and automaticity were significantly associated with high and moderate intensity PA (0.27 r s 0.49, p s < 0.05) but not with walking (r = 0.05, r = 0.10, respectively, p > 0.05). Screen-basd SB intentions and automaticity were significantly correlated to the time spent in front of a screen (r = 0.29, r = 0.44, respectively, p < 0.05). Last, cross-context correlations (i.e., between motivational determinants of PA and screen-based SB, or vice versa) were nonsignificant or low. For instance, the higher the level of PA automaticity in participants, the lower their intentions to spend time in front of a television or a computer (r = ¡0.27, p < 0.05).
Prerequisites to cluster analysis
The mean § SD values for each variable of the study appear in Table 2 . The variables included in the cluster analysis were standardized so as to contribute equally to the formation of the clusters. 27 Five univariate outliers were excluded from further analysis (distance from the mean superior to 3.29SD units), as well as 6 multivariate outliers (Mahalanobis distance significant at the p = 0.001 threshold). Finally, because the highest correlation was equal to r = 0.51, no problem of multicollinearity was encountered.
Cluster analysis
A hierarchical cluster analysis was performed entering intention and automaticity toward PA and SB. A large increase of the agglomeration coefficient (29%) suggested a 3-cluster solution to be suitable. This analysis was followed by a confirmatory k-mean cluster analysis. The centroids' characteristics appear in 1A describes the 3 intentionÀautomaticity profiles. The first cluster was labeled "screen", because students in this group were characterized by high levels of automaticity and intention for screen-based SB, but low levels of automaticity and intention for PA. It comprised 40% of the sample (n = 54). The second cluster was labeled "PA" and was characterized by high levels of automaticity and intention for PA, but low levels of automaticity and intention for screen-based SB. It included 24% of the sample (n = 33). The third cluster, characterized by high levels of all variables, was labeled "mixed" and comprised 36% of the sample (n = 49).
A series of ANOVAs indicated significant differences among clusters regarding all psychological variables (Table 2) . Newman-Keuls post hoc analyses indicated that the 3 groups were significantly distinct from each other on PA intentions (p < 0.05). However, regarding automaticity toward PA and intention and automaticity toward screen-based SB only the "PA" group obtained significantly different scores compared to the other 2 profiles.
Clusters characteristics
A series of ANOVAs indicated significant between-cluster differences regarding PA and screen-based SB. Participants in the mixed profile displayed significantly higher levels of vigorous PA, followed by those with the PA and the screen cluster. Participants with a screen profile also reported significantly lower levels of moderate-intensity PA compared with the other profiles. No statistical difference emerged regarding walking. Finally, participants in the mixed cluster reported the highest durations of screen-based SB, whereas those in the PA cluster showed the lowest scores.
Study 2
Methods
Study 2 concerned 185 students (59 females; 126 males) recruited from Grades 9 to 12 of a general French high school (age range 14À19 years; 17.00 § 0.83 years, mean § SD). The study protocol was in accordance with the principles of the Declaration of Helsinki of 1975, as revised in 2000. It was approved by the Ethics Committee research team at the University of Montpellier, France. All participants signed the informed consent presenting the purpose of the study, which indicated that their participation was voluntary and that they could cease it at any time. Both juveniles and over 18 participants signed an informed consent themselves. Parents received an information letter and had the possibility to declare an opposition with their child participation. No parent declined their child's participation in the current research. The protocol, method, and data analysis strategies were similar to Study 1, with the exception of the measurement of automaticity. Three items assessing lack of control (LOC) were derived from the SRHI. 18 A discriminant validity study indicates that the 4 items of the SRBAI fail to capture this facet of automaticity, contrary to those 3 SRHI items. 28 Following the stem "Behavior X is something I do. . .," participants used a 5-point Likert scale ranging from 1 (totally not agree) to 5 (totally agree) to characterize 3 affirmations ("that makes me feel weird if I do not do it"; "that would require effort not do it"; "that I would find hard not to do"). Internal consistency was satisfactory for all scales (0.72 < a < 0.93). Regarding items for which less than 5% of data were missing, a replacement by the mean score was applied (n = 23). 26 
Results
Descriptive statistics
Correlations between the variables appear in Table 1 . There was a significant correlation among PA intention, PA LOC, and high intensity PA (r = 0.57, and r = 0.40, respectively, p < 0.05), as well as with moderate PA (r = 0.28, and r = 0.22, respectively, p < 0.05), but not walking. There was also significant correlations between SB intentions and LOC and screen-based time (r = 0.51 and r = 0.37, respectively, p < 0.05). A significant, but small, negative association between PA intention and SB intention was observed (r = ¡0.22, p < 0.05). Negative associations between PA intention and LOC and screen-based time were also observed (r = ¡0.40 and r = ¡0.33 respectively, p < 0.05).
Prerequisites to cluster analysis
The mean § SD values for each variable appear in Table 3 . The variables were standardized so as to contribute equally to the formation of the clusters. 27 No univariate outliers (distance from the mean superior to 3.29SD units) were observed, but 1 multivariate outlier (Mahalanobis distance significant at the p = 0.001 threshold) was excluded. No problems of multicollinearity were encountered (highest correlation: r = 0.51).
Cluster analysis
A hierarchical cluster analysis was performed entering intention and LOC toward PA and screen-based SB. A large increase of the agglomeration coefficient (26%) suggested that a 4-cluster solution was suitable. A confirmatory k-mean cluster analysis was run. The centroids' characteristics appear in Table 3 , and Fig. 1B describes the 4 intentionÀLOC profiles. Three clusters presented similar characteristics to those observed in Study 1, namely a "PA" profile (n = 65, 34%), a "screen" profile (n = 37, 20%), and a "mixed" profile (n = 36, 20%). The fourth cluster was labeled "high control" because participants in this group displayed below-mean levels of LOC, but high levels of intentions toward both PA and screenbased SB (n = 46, 26%).
A series of ANOVAs indicated significant differences between clusters for all psychological variables (Table 3) . Newman-Keuls post hoc analyses indicated that the 4 groups were significantly distinct from each other on LOC toward PA, except between the PA and mixed profiles, and on LOC toward screen-based SB, except between the PA and the high control profiles. Regarding intention toward PA, the screen profile did not differ significantly from the other groups. Last, regarding intention toward screen-based SB, only the PA profile was significantly different from the others.
Cluster characteristics
A series of ANOVAs indicated significant between-cluster differences regarding PA and screen-based SB (Table 3) . Newman-Keuls post hoc analyses indicated that participants in the screen group reported significantly lower levels of vigorous PA compared with the other profiles. No significant difference emerged regarding moderate PA or walking. Participants in the PA profile showed significantly lower levels of screen-based SB compared with the other groups.
Discussion
The purpose of this article was to identify intentionÀautomaticity profiles with regard to PA and screen-based SB and to examine whether those profiles were associated Table 3 Mean value and centroid characteristics of intention and automaticity for PA and SB (Study 2, mean § SD). Note: n = 184, only 184 participants provided data on their behaviors. Abbreviations: LOC = lack of control; PA = physical activity; SB = sedentary behavior.
with significantly different behavioral patterns in French adolescents. Study 1 underlined the presence of 3 motivational profiles: a screen and a PA cluster, characterized by high levels of both intentions and automaticity for one behavior (SB/PA) and low levels of those variables for the alternative (PA/SB), and a mixed cluster with high levels of both controlled and automatic forms of motivations for both behaviors. Those profiles were also observed in Study 2, as well as a high control cluster characterized by high levels of intentions but low levels of LOC. Those results highlight the interest in studying the components of automaticity in health psychology, in particular pertaining to PA and SB. Indeed, recent work indicates that the 4-item SRBAI mainly reflects the unintentional initiation and efficient realization of behavior, whereas the 3 items of the original SRHI retained in Study 2 mostly reflect the LOC facet. The results also highlight the great consistency that appears in most adolescents between intentional and nonintentional processes. However, the correlation values between intention and automaticity scores suggest that automaticity is not all-or-nothing, but rather that intentions and automaticity can coexist. In other words, the results indicate that automaticity may not be a firm dichotomy, suggesting the existence of a continuum where the attributes of automaticity can develop gradually. Thus, if behavior initially was intentional and if intentions remain stable over time, then automaticity would correlate with intentions. In this vein, with the exception of the high control group in Study 2, adolescents apparently tend to form intentions to adopt behaviors for which they also report strong levels of automaticity. The present work further provides evidence relative to the differentiated patterns of behaviors observed depending on adolescents' motivational profiles. Based on the observed correlations, the current set of studies confirms that both intentions and automaticity levels toward 1 type of behavior are strongly associated with its adoption. Additionally, small correlations were obtained between PA and SB scores. On the one hand, the direction of these associations is consistent with the displacement hypothesis; 3 on the other hand, their small magnitude does not support the existence of a full substitution phenomenon, highlighting the interest in studying both behaviors independently. 5 Indeed, this result suggests that some individuals can be at the same time sedentary and physically inactive or can present with simultaneously high PA and high sedentary time. 29 There were also several significant and negative cross-correlations between psychological processes (intention or automaticity/LOC) toward one behavior and the adoption of the other behavior. Thus, PA and screen-based SB share to a certain extent some common motivational determinants.
Regarding the results relative to the association between motivational profiles and behaviors, Studies 1 and 2 revealed only partly similar patterns for PA. Indeed, whereas in Study 1 the mixed profile was attached to higher levels of intense and moderate PA, in Study 2, students in the PA profile appeared to be the most active. Both studies indicated that the screen profile demonstrated the lowest levels of PA. It is noteworthy that no significant differences emerged for walking, suggesting that motivational profile mostly accounts for more intense PA. Regarding SB, the results consistently showed that adolescents with a screen profile spent the greatest amounts of time in this behavior, whereas those with a PA profile spent the least. Displaying a mixed or high control profile was associated with intermediate levels of SB. Ultimately, a PA profile appears to be associated with the healthiest behavioral pattern. On the other hand, participants with a mixed profile were found to be active but at the same time sedentary. These findings extend arguments that both types of motivation can be useful for explaining health behaviors, especially when automatic and controlled processes are expected to have separate mechanisms of behavioral regulation. These systems are inevitably intertwined as they regulate behavior.
The results were not exactly similar in both studies regarding correlations, profiles, or association between profiles and behaviors. Several explanations may be advanced to account for those slightly different results. First, Study 1 and Study 2 differed in terms of participants, with Study 2 including a wider range of grades. Because PA participation was previously found to decrease and sedentary time to increase with age in adolescents, 1 this could account for varying results. Second, different items were used to evaluate automaticity, and Study 1 and Study 2 focused on different features of this construct. 30 This could explain why standardized scores were slightly different for the mixed profiles between both studies and why a fourth profile emerged.
The current research supports the interest in a joint assessment of intention and automaticity for both PA and SB in adolescents. In line with recent research, 5 it appears that various combinations of behaviors can be observed in youth, and knowing that an adolescent has adopted one behavior does not enable the reaching of conclusions on his or her involvement in the other. The present findings are, however, limited by several factors. A first limitation relies in the cross-sectional design. It would be interesting to conduct prospective studies to investigate whether intentionÀautomaticity profile explains the PA and SB behaviors subsequently adopted. Another limitation is linked to the use of self-reported measurement, regarding both automaticity and behavior. Regarding automatic processes, recent debates occurred in the health psychology community regarding the nature of the processes actually captured by scales such as the SRHI or SRBAI. 31, 32 Indeed, this method implies meta-cognitive processes that cannot be considered purely automatic, and, in particular, it was advocated that individuals could not be expected to be able to recall phenomena occurring outside their consciousness. Some authors thus recommended the use of implicit tests, such as the implicit-association test or a "goÀno go" task, to capture automatic processes, in the sense of their being out of one's awareness. 33 Regarding PA and SB, individuals are likely to overestimate the time that they spend being active or, to the contrary, to underestimate the time that they spend watching TV or using a computer. In this regard, the use of objective assessment devices represents a fruitful research perspective. Indeed, devices such as accelerometers are increasingly being used to help young people estimate their actual energy expenditure. 34 Intentional processes are also likely to predict structured activities, whereas automatic processes would account to a greater extent for spontaneous behaviors. 35 Such a hypothesis could be explored in studies combining explicit self-reported measures, with objective indicators of behavior.
In terms of research perspectives, future studies should investigate intentionÀautomaticity profiles in different age groups, because both the profiles and the patterns of behaviors attached to them could differ among adolescents (younger and older), adults (depending on their working and family status), and older people. Particular attention should be paid to different cultures to examine whether the current results can be generalized. Finally, in a more applied perspective, the study of these different psychological and behavioral profiles offers at least 2 new perspectives. First, specific interventions targeting preferentially controlled or automatic processes were recently proposed. 36, 37 It would be interesting to examine whether the efficacy of these interventions regarding behavior varies depending on the participants' motivational profile. Second, there is increasing evidence relative to the importance of considering behavioral change interventions for PA and SB in an independent fashion. 38 Considering the distinct nature of these behaviors, it could be fruitful to examine whether the efficacy of an intervention targeting controlled or automatic processes differs for PA and SB. 39 
Conclusion
In this set of studies 4 disctint profiles emerged regarding the combination of PA and screen-based SB motivation in French adolescents. This result highlights the fact that individuals may display more or less high levels of intentions and/or automaticity toward these behaviors. The data further indicate that their adoption is rather independent. The healthiest behavioral pattern was displayed by those with a PA motivational profile, characterized by high levels of motivation toward PA but low toward screen-based SB, whereas the poorest was demonstrated by adolescents with the screen profile, showing reverse characteristics. Future research should seek to replicate these findings, taking into account the type of behaviors adopted-structured or spontaneous-using both selfreported and objective measurement, and exploring whether the results differ according to age or culture. In a translational perspective, the response of individuals displaying various motivational profiles to interventions targeting preferentially intentional or automatic motivation toward PA and/or both SB could be investigated.
